The objective of this study was to examine iodine and selenium contents in skeletal muscles of selected species of game animals living in regions with low iodine and selenium contents in the soil and water. Iodine content was determined in 66 samples of skeletal muscles of red deer cut out of the musculus gracilis, 32 samples and 27 samples from the same muscle of roe deer and wild boar, respectively. The shot game animals came from hunting grounds in western and southern regions of the Czech Republic and in Protected Landscape Area Šumava. In red deer muscles the average iodine content was 44.9 ± 15.2 μg I·kg -1 wet weight with the range of 6.9 to 82.0 μg I·kg wet weight. Selenium content was determined in 22 samples of red deer, 51 samples of roe deer and 27 samples of wild boar skeletal muscles. The average values of selenium content in the meat of red deer, roe deer and wild boars were 16.2 ± 8.4, 36.9 ± 16.6 and 27.6 ± 19.8 μg Se·kg -1 wet weight, respectively. All three species of game animals are characterised by low content and high variability of selenium concentration in meat with the minimum value 3.9 µg and maximum value 83.3 μg·kg -1 wet weight. The study brings new data on iodine and selenium content in the muscle of game animals in the Czech Republic.
. The lower concentration in roe deer meat with the average 39.3 ± 14.1 μg I·kg -1 and the range from 18.3 to 84.4 μg I·kg -1 may be due to differences between biotopes and food. The average iodine concentration in the musculus gracilis of wild boars was 55.9± 27.0 μg·kg -1 wet weight. Selenium content was determined in 22 samples of red deer, 51 samples of roe deer and 27 samples of wild boar skeletal muscles. The average values of selenium content in the meat of red deer, roe deer and wild boars were 16.2 ± 8.4, 36.9 ± 16.6 and 27.6 ± 19.8 μg Se·kg -1 wet weight, respectively. All three species of game animals are characterised by low content and high variability of selenium concentration in meat with the minimum value 3.9 µg and maximum value 83.3 μg·kg -1 wet weight. The study brings new data on iodine and selenium content in the muscle of game animals in the Czech Republic.
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Analytical determination of the content of trace elements in biological materials for diagnostic purposes and for the evaluation of their reserves in the organism is applicable in humans and in animals; reference values for game animals need to be established (Wilson and Grace 2002; Allen and Ullrey 2004) . Functional requirements predetermine the preferential accumulation of iodine in the thyroid gland. The iodine (I) content in skeletal muscles is significantly determined by the animal species. A higher iodine content in the muscles of carnivores is influenced e.g. by the type of food. The skeletal muscle of farm and game animals living withouth supplemental sources of iodine contains 100-300 μg I·kg -1 The relatively lowest amount of iodine is presented in the meat of sheep with higher amounts in the meat of pigs, cattle and poultry (Anke 2007) .
Essential need of selenium and its efficiency in the prevention and therapy of some diseases in human population (Kvíčala et al. 2003) and in farm animals (Enjalbert et al. 1999; Pavlata et al. 2001 ) has been studied, including its role in human nutrition (Anke 2007) .
In the years 1981 -1982 , Galgan and Frank (1995 collected liver tissues from moose in 14 regions in Sweden. The median of selenium (Se) concentration in the liver was 0.15 μg·kg -1 and the mean 0.25 ± 0.29 mg·kg -1 wet weight. The results indicate that moose is useful for monitoring the amount of selenium available for wild grazing animals, and confirm that the Swedish environment is poor in selenium. Grace and Wilson (2001) concluded that in New Zealand Co, Se and I deficiencies in deer are of lesser importance than deficiency of Cu. In western Norway, liver samples from 245 wild red deer were analysed for Se concentration (Vikoren et al. 2005) . The median concentration of Se was 0.09 μg·g -1 with range 0.04-1.0 μg·g -1 of wet weight. Concentration of Se showed a significant geographic variation and significant differences in age groups with the highest concentrations in adults. Adult males had significantly higher Se concentrations than females. Flueck (1994) studied the role of Se supplementation on black-tailed deer in northern California. Whole blood selenium concentrations of non-supplemented animals were low (24 μg·kg -1 ). There were no differences in Se concentrations among sexes, ages and seasons. Supplements of Se increased pre-weaning fawn survival. The hypothesis that free-ranging wild ruminants are not susceptible to trace mineral deficiencies because of adaptations to deficiencies over geological time, was not supported. In southern Iceland, liver selenium concentrations varied between regions, farmed red deer had a higher Se concentration than feral deer (Tremain-Boon et al. 2002) . Concentration of Se was measured in skeletal muscle of elk, mule, deer, bison, and cattle (Medeiros et al. 1993) . In game animals, the samples did not differ in Se concentration but contained more Se than cattle. The concentration of Se was not affected by the type of muscle and sex. Holben (2002) documented that weight of male deers did not affect the Se content in meat. Hein et al. (1994) tested free-ranging ungulates in Washington State and found that Se concentrations in blood vary among elk herds. Bighorn sheep, mule deer, and moose have generally lower values of Se compared to domestic livestock. Selenium content in meat was studied in the Czech Republic by Koutník and Ingr (1998) .
The aim of this study was to examine iodine and selenium contents in skeletal muscles of some species of game animals living in the Czech Republic and thus recommend the share of the meat of game animals as a source of both elements in human nutrition.
Materials and Methods
Iodine and selenium contents were tested in samples of the musculus gracilis of red deer (Cervus elaphus), roe deer (Capreolus capreolus) and wild boar (Sus scrofa) The animals were shot during hunting season in western and southern regions of the Czech Republic and in Protected Landscape Area Šumava. The time sequence of sample collections was given by the periods of permitted hunting law stipulated by Decree No. 242/2002 of the Ministry of Agriculture Czech Republic, except for several red deer kept on farms. Monitoring was done in two periods. The first period was from autumn to winter (September 2004 -January 2005 when 44 samples of red deer meat were obtained. The second period was summer (May-September 2005) when 22 samples of red deer meat, 51 samples of roe deer meat and 27 samples of wild boar meat were collected. The muscle samples (100 g wet weight) were cut out and stored at a temperature of -18 °C until their laboratory analyses.
The concentration of iodine in muscles was measured by a spectrophotometric method according to SandellKolthoff after the alkaline burning of the sample (Bednář et al. 1964) . Selenium content in muscles was measured with a UNICAM 939 AA spectrometer after microwave mineralisation when the hydride technique of AAS was applied (Pechová et al. 2005) . The final concentrations of iodine and selenium are given in μg·kg -1 of wet weight (fresh tissue).
The region's influence on the iodine content in the muscles was assessed in the red deer hunted in a period of 
Results and Discussion
This study is based on previous data concerning the iodine and selenium saturation of farm animals (Kursa and Kroupová 1975; Trávníček et al. 2007 ), the iodine content in foods of animal origin (Herzig et al. 2005; Trávníček et al. 2006 ) and records of goitre in calves, lambs, foals and kids (Kursa et al. 1997 ).
The mean content of iodine in 66 samples of red deer skeletal muscles reached the value 44.9 ± 15.2 μg I·kg -1 wet weight at a high variability of data ( Table 1) . The lowest iodine concentration of 38.4 ± 7.9 μg I·kg -1 wet weight was recorded in red deer from Protected Landscape Area Šumava and the highest concentration 53.2 ± 12.7 μg I·kg -1 wet weight was measured in red deer from the western region (Table 2 ). The analyses of iodine content in skeletal muscles of game animals indicated significant interspecies (Table 4 ) and regional (Table 3) differences.
The lower concentration of iodine in roe deer meat compared to red deer meat may be due to different characteristics of biotopes of the two species, hence from differences in the food composition. The roe deer are more fixed to farmed areas, grazing on the farm crops such as oilseed rape with the content of goitrogenic glucosinolates (Kursa et al. 2000) or other crops including intensively fertilised forage crops with nitrates that have the same effects (Anke 2007) .
The significantly higher iodine content in skeletal muscles of wild boars, 55.9 ± 27.0 μg I·kg -1 wet weight (Table 4) , apparently reflects their varied food. The wild boar is a typical omnivore. It may be the component of food that influences the higher intake of iodine 405 (Anke 2007 ). The meat of wild boars contains 100% more iodine than the identical muscle of slaughter pigs as reported by Herzig et al. (2005) .
Based on the anamnestic data acquired from hunting grounds and localities of sample collections, it is possible that the composition of additional food was enriched also with concentrates. The variety of supplied food indicates possible intake of iodine by game animals from these sources and more or less eliminates the direct dependence of game animals on the plant food of local origin. The mineral component of additional food was mostly rock salt and licks for game animals or vitamin and mineral supplements with trace elements including iodine were reported irregularly. Nevertheless, the limit low values of iodine in the milk of dairy cows have been recorded in these localities previously (Kursa et al. 1997) .
The mean content of selenium (36.9 ± 16.6 μg kg -1 ) in roe deer muscles (Table 5 ) exceeded the Se content in the meat of red deer (16.2 ± 8.4 μg kg -1 ) as well as that of wild boar (27.6 ± 19.8 μg Se·kg -1 ). Similarly as iodine, the lowest mean content of selenium was measured in the meat of red deer in the localities of Protected Landscape Area Šumava (13.6 μg Se·kg -1 ). The results of selenium monitoring in game animals are comparable with the low values determined in muscles of cattle in these localities by the same chemical method by Pavlata et al. (2001) . These low selenium values indicate selenium deficiency in clinical form in cattle and sheep in Šumava localities where selenium concentration was also low in the plants (Kursa and Kroupová 1975) .
In conclusion, our study brings new data on iodine and selenium contents in the muscle of 144 game animals from the territory of the western, central and southern regions of the Czech Republic. Central Europe is a territory with low iodine contents in the soil and water, with accidental intake of both trace elements from mineral feeding and mixtures. These results indicate the deficieny risk of iodine and selenium in these regions of Czech Republic.
Obsah jódu a selenu v kosterní svalovině jelení (Cervus elaphus), srnčí (Capreolus capreolus) a černé (Sus scrofa) zvěře v České republice
Studie se zabývá zhodnocením obsahu jódu a selenu v kosterní svalovině lovné zvěře žijící v oblastech s nízkým obsahem jódu a selenu v půdě a vodě. Zvířata pocházela z honiteb v západočeském a jihočeském regionu a z Chráněné krajinné oblasti Šumava. Obsah jódu byl stanoven v kosterní svalovině musculus gracilis u 66 jelenů (Cervus elaphus), 32 srnců (Capreolus capreolus) a 27 divokých prasat (Sus scrofa). Ve svalovině jelenů byl zjištěn průměrný obsah jódu 44,9 ± 15,2 μg I·kg -1 s rozpětím od 6,9 do 82,0 μg I·kg -1 . Nižší koncentrace jódu v srnčím mase s průměrem 39,3 ± 14,1 μg I·kg -1 a rozpětím od 18,3 do 84,4 μg I·kg -1 může souviset s rozdílnými biotopy a odlišným složením potravy. Průměrná koncentrace jódu v kosterní svalovině divokých prasat byla 55,9 ± 27,0 μg·kg 
